SUMMARY: Functional MR imaging is being performed with increasing frequency in the typical neuroradiology practice; however, many readers of these studies have only a limited knowledge of the functional anatomy of the brain. This text will delineate the locations, anatomic boundaries, and functions of the cortical regions of the brain most commonly encountered in clinical practice-specifically, the regions involved in movement and language.
Two anatomically and functionally differentiated parallel processing streams serve as a theoretic model for higher order cognitive processes: the ventral and dorsal streams. These concepts of ventral and dorsal streams as well as their functional and anatomic connectivity are introduced here and will be referenced later in this article. The dual-stream model was first conceptualized for vision by Ungerleider and Mishkin in their seminal work, 1 hypothesizing that dual and distinct computational streams for vision proceeded in parallel, with the dorsal stream serving to analyze spatial position and the ventral stream working to identify what an object is. Influenced by the dorsal and ventral stream model of vision, Hickok and Poeppel 2 hypothesized a similar framework for language. In this model, the ventral stream, or lexical-semantic system, is involved in sound-to-meaning mappings associated with language comprehension and semantic access. A prototype task of the ventral stream is listening to and deriving meaning from speech. 3 The dorsal stream, or phonological system, is involved in sound-to-motor mappings associated with producing and articulating language. 2, 3 Hence, a prototype task of the dorsal stream is repeating speech. 3 The dorsal stream of language originates in the peri-Sylvian region within the superior temporal gyrus and superior temporal sulcus and travels through the supramarginal gyrus to the frontal lobe, including the premotor cortex and inferior frontal gyrus. The major fiber tract of the dorsal stream is the superior longitudinal fasciculus/arcuate fasciculus, connecting the classic posterior temporal receptive language area (Wernicke area) with the frontal expressive language area (Broca area), as well as additional extensions to the inferior premotor cortex within the frontal lobe (Fig 1) . [4] [5] [6] The model of the Broca and Wernicke language areas devoted to the production and understanding of speech, respectively, has become richer across the years so that now receptive and expressive language understanding is more complex, with dependence of both on larger areas of the network and with substantial individual variation. 7 Studies have suggested that the superior longitudinal fasciculus/arcuate fasciculus can be separated into 4 subcomponents (superior longitudinal fasciculus I-III) with the arcuate fasciculus composing the fourth subcomponent. 8, 9 Specifically, the superior longitudinal fasciculus III and arcuate fasciculus play a major role in the dorsal language stream. 6 The ventral stream of language involves the middle and inferior temporal gyri, anterior temporal lobe, and ventrolateral prefrontal cortex. 10 The major tract of the ventral stream is the inferior occipitofrontal fasciculus, with additional contributions by the uncinate fasciculus, extreme capsule, middle longitudinal fasciculus, and inferior longitudinal fasciculus. 5, 6, 10, 11 While the dorsal stream is left-lateralized, the ventral stream is bilateral. 3, 12 Evidence suggests that while there are some tasks that segregate the ventral and dorsal streams, successful execution requires complex collaboration and seamless integration of processing between the 2 systems.
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Primary Motor and Primary Sensory Cortices
General Anatomic Borders. The primary motor and sensory cortices occupy the pre-and postcentral gyri, respectively (Fig 2A) . The precentral gyrus, bounded anteriorly by the precentral sulcus and posteriorly by the central sulcus, extends inferiorly toward the lateral sulcus and becomes contiguous with the inferior aspect of the postcentral gyrus. The superior aspect of the gyrus extends onto the medial surface of the cerebral hemisphere and merges with the anterior paracentral lobule. The postcentral gyrus, bounded anteriorly by the central sulcus and posteriorly by the postcentral sulcus, extends inferiorly and joins the precentral gyrus just above the lateral sulcus. Superiorly, the gyrus passes over the midline of the hemisphere and terminates in the posterior paracentral lobule. 14 Anatomic Organization. The primary motor cortex does not encompass the entire precentral gyrus but rather tapers inferiorly along the posterior margin of the gyrus. The nonmotor cortex occupies the remainder of the gyrus. [15] [16] [17] The motor and sensory cortices have a well-defined somatotopic organization. In other words, each part of the body can be reliably and predictably mapped to a specific region of the contralateral cortex. Specifically, the cells of the motor and sensory cortices responsible for the lips and face occupy the inferior segments, followed superiorly by the regions for the fingers and hands and a small region for the trunk. The final component, corresponding to the leg and foot, bridges the superior aspect of the gyrus and extends onto the medial surface of the hemisphere. The amount of cortex devoted to any anatomic region is proportional to the degree of precision or discrimination necessary for optimal function of that body part. The resultant distorted homunculus emphasizes the face and lips and the fingers and hands. 18, 19 Function. Primary Motor Cortex. The primary motor cortex initiates voluntary movement through the corticospinal tract (Fig 2B) , which also receives contributions from the premotor cortex, supplementary cortex, and somatosensory cortex. 17 A large percentage of the corticospinal tract fibers cross in the pyramidal decussation and connect to motor neurons in the contralateral spinal cord to trigger movement. The motor cortex also connects with the cerebellum and brain stem. 19 Through this network, subcortical regions and other cortical areas influence the input and output of the primary motor cortex. 20 A lesion in the primary motor cortex, such as an acute infarct, classically results in motor weakness (Fig 3) . Primary Somatosensory Cortex. The primary somatosensory cortex processes tactile and proprioceptive information, receiving fine-touch and proprioception input from the dorsal columnmedial lemniscus pathway and information regarding pain, temperature, and touch from the lateral and ventral spinothalamic tracts. 17, 19 Similar to its motor counterpart, the somatosensory cortex also receives input from other cortical regions, and subcortical areas modify the output from this region.
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Supplementary Motor Area
The supplementary motor area (SMA) and the pre-SMA are discussed separately in this article, with the acknowledgment that their functions are nuanced, their borders are indistinct and functionally variable, and the 2 likely represent a continuum rather than discrete anatomic areas. 22 General Anatomic Borders. The SMA occupies the dorsomedial aspect of the superior frontal gyrus, immediately anterior to the foot motor representation, and is bounded medially by the interhemispheric falx and laterally by the premotor cortex (Fig 2A) . 23 The cingulate sulcus is inferior to the SMA. The anterior margin of the SMA is defined by a perpendicular line through the corpus callosum rostrum. The V line, a vertical line through the posterior aspect of the anterior commissure, differentiates the rostral from the caudal SMA. 24 Anatomic Organization. The SMA demonstrates somatotopic organization. From anterior to posterior, the SMA represents the head, trunk, upper extremity, and lower extremity, with some studies showing more detailed somatotopy of the face, neck, and proximal/ distal upper and lower extremities. 23 While the SMA demonstrates greater activation with tasks performed using the contralateral side of the body, humans do have a dominant SMA that can show bilateral activation. 23 Word generation and working memory tasks activate the rostral SMA predominantly on the left side; complex motor and sensory tasks activate the contralateral caudal SMA.
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FIG 1.
Sagittal 3D-FLAIR image with a superimposed diffusion tensor image of the arcuate fasciculus between the inferior parietal lobule (pars opercularis and pars triangularis) (green) and the angular gyrus (red). The frontotemporal segment of the arcuate fasciculus connects the Broca area at the inferior frontal gyrus with the Wernicke area more posteriorly, traditionally at the posterior superior temporal gyrus. However, this connection is variable, and in this case, it is at the angular gyrus/posterior superior temporal area.
Function. The SMA receives input from the motor, premotor, and sensory cortices and provides a wide array of outputs, including those to the primary motor cortex, basal ganglia, thalamus, subthalamic nucleus, brain stem, contralateral SMA, and cervical motor neurons (primarily contralaterally). 22, 23 Projections from the SMA join those from the premotor cortex and compose approximately one-third of the corticospinal tract. 25 The SMA is involved in the planning, coordination, and initiation of movement, particularly complex hand motions and action sequences that involve both sides of the body. [22] [23] [24] Learning new motion sequences activates the rostral SMA, but the performance of those sequences activates the caudal SMA. The SMA is also involved in posture, selection of the laterality of a movement, speech (such as word generation and comprehension of the spoken word), working memory, and pain sensation (Fig 4) . 23, 24 Lesions of the dominant SMA such as tumors or anterior cerebral artery infarctions result in abulia, gait apraxia, and transient weakness. 22 Resection of the nondominant SMA also can inhibit speech (Fig 5) . "SMA Syndrome" results from unilateral resection of the SMA and is characterized by contralateral akinesia and mutism, but preservation of extremity muscle strength. 26 Lesions can also result in "alien limb" syndrome in which spontaneous movements of the limb, such as grasping, are uncontrollable by the patient, often countering the patient's attempted goal-directed motion. 22 Left middle cerebral artery infarct causing aphasia can prompt compensation by and reorganization of speech function to the SMA. 
Presupplementary Motor Area
General Anatomic Borders. The pre-SMA is located anterior to the SMA within the dorsal aspect of the superior frontal gyrus (Fig  2A) . Similar to the SMA, the pre-SMA is bounded medially by the interhemispheric falx and laterally by the premotor cortex. The ventral (inferior) boundary of the pre-SMA is the anterior cingulate motor area. 23, 24 Anatomic Organization. Somatotopy of the pre-SMA is similar to that of the SMA, albeit cruder, with the head, upper extremity, and lower extremity represented from anterior to posterior. 23 Function. The pre-SMA is activated when learning new sequential movements 24 and when incorporating visual input into planning internally generated tasks. 23 In addition, the predominantly left-sided pre-SMA is activated when performing word-generation and working-memory tasks. 24 
Premotor Region Proper
General Anatomic Borders. The premotor area comprises the dorsal superior frontal gyrus, dorsal middle frontal gyrus, and the anterior bank of the precentral gyrus, ventral to the primary motor area (Fig 2A) . 23 Anatomic Organization. Somatotopic organization of the premotor area is similar to but cruder than that of the primary motor cortex, with medial-to-lateral representations for the leg, trunk, arm, face, and mouth. 25 Function. The premotor area integrates auditory, visual, and somatosensory stimuli in the selection of movement, initiation of movement, and performance of movement-related tasks. The premotor area attends to externally guided movement, in contradistinction to the SMA and pre-SMA, which are involved in selfinitiated movements. Similar to the SMA, the premotor region also helps determine the laterality of motion. 23 The premotor cortex contains "mirror neurons," as does the posterior parietal cortex (PPC). These neurons are active when a person performs or watches another perform a series of movements; this observation allows us to tap into our own advanced motor circuits to understand the actions of others.
Posterior Parietal Cortex
General Anatomic Borders. The PPC is caudal and posterior to the primary somatosensory cortex and postcentral sulcus. The PPC comprises the superior parietal lobule and the inferior parietal lobule (IPL), which are separated by the intraparietal sulcus. The medial portion of the superior parietal lobule is the precuneus, located on the medial surface of each cerebral hemisphere in front of the parietal-occipital sulcus and cranial and anterior to the cuneus. The marginal ramus of the cingulate sulcus separates the paracentral lobule from the precuneus, and the subparietal sulcus separates the precuneus from the posterior cingulate cortex. The subparietal sulcus forms the ventral margin of the superior parietal lobule on the medial surface.
The IPL is further divided into 2 gyri: Caudally, the angular gyrus caps the end of the superior temporal sulcus and is continuous with the middle temporal gyrus; rostrally, the supramarginal gyrus caps the end of the Sylvian fissure (Fig 6A) . The supramarginal gyrus is continuous anteriorly with the postcentral gyrus and posteriorly with the superior temporal gyrus. [27] [28] [29] Function. The PPC is known for neural processes underlying attention. The important role of the PPC to attention is perhaps best demonstrated by parietal insults or lesions that result in hemispatial or contralateral neglect. The most common lesion site in patients with hemispatial neglect is the right temporoparietal junction, a part of the ventral attention network, and the adjacent superior temporal gyrus. Damage to the nondominant PPC can result in left hemispatial neglect. 27, 28, 30 Left-hemispheric PPC lesions in humans result in apraxia and extinction, demonstrating the role of the PPC in high-order motor functions. Functional imaging studies demonstrate that rostral IPL areas activate during the planning of a motor response or movement execution. The IPL is also activated with grasping, viewing graspable objects, conceptualizing actions, evaluating the motor significance of sensory stimuli, basing decisions on perceptions, and judging and observing actions. The intraparietal sulcus and portions of the superior parietal lobule are involved in visuomotor integration. A major function of the PPC is the maintenance of a spatial reference for goal-directed movements. A language-related area exists within the posterior IPL (Fig 6B, -C) , mainly within the angular gyrus. The PPC, particularly the IPL, performs semantic and phonologic processing. The angular gyrus with the adjacent white matter is the most common parietal lesion site in patients with severe word and sentence comprehension deficits due to transcortical sensory aphasia. The PPC is also involved in verbal fluency tasks. 27, 28, 33 Studies of white matter connectivity using diffusion-tensor imaging found that subdivisions of the arcuate fasciculus connect the Broca area to the rostral IPL or the IPL to posterior temporal areas; this feature may account for different manifestations of aphasia resulting from damage to different points along the arcuate fasciculus (Fig 1) . 34, 35 Arithmetic operations and the processing and understanding of numbers are also functions of the PPC. Injury to the PPC can result in dyscalculia, as is seen in Gerstmann syndrome. Gerstmann syndrome results from damage to the angular gyrus of the language-dominant hemisphere and is characterized by agnosia, agraphia or dysgraphia, dyslexia, right-left disorientation, as well as acalculia or dyscalculia. In some instances, Gerstmann syndrome is also associated with aphasia.
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Posterior Superior Temporal Lobe
General Anatomic Borders. The posterior superior temporal lobe (Fig 6A) includes the posterior two-thirds of the superior temporal gyrus and the cortex extending medially into the posterosuperior aspect of the Sylvian fissure. The superior surface of the superior temporal gyrus, located within the Sylvian fissure, contains 3 distinct areas: the planum polare anteriorly, transverse temporal (Heschl) gyri medially, and the planum temporale posteriorly.
Function. Functional and anatomic studies localize the primary auditory cortex to the transverse temporal (Heschl) gyri and the secondary auditory cortex to the surrounding territory. 36, 37 Damage to projections from the secondary auditory cortex into the posterior Sylvian fissure results in pure word deafness with preserved nonspeech hearing. 38, 39 In the language-dominant hemisphere, the area receiving these projections, area Spt, plays a role in sensorimotor integration as the beginning of the dorsal language stream. Area Spt is located in the Wernicke area (Fig 1) ; however, damage to area Spt usually results in conductive aphasia. 40 Recent research questions the exact location of the Wernicke area. Classic receptive aphasia is often associated with lesions outside the traditional boundaries of the Wernicke area.
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Ventrolateral Prefrontal Cortex
General Anatomic Borders. The ventrolateral prefrontal cortex is located within the inferior frontal gyrus.
Function. The Broca area is part of a larger network dedicated to language processing and production, most commonly lateralizing to the left hemisphere. Traditionally, the Broca area represents where speech is articulated into meaningful sounds. 24 Lesion studies suggest a role in internal conflict resolution by selecting among competing linguistic representations as part of the cognitive control domain of the lateral prefrontal cortex. 43 Lesions typically result in motor aphasia with maintained speech comprehension (Fig 7) .
Cingulate Cortex
General Anatomic Borders. The cingulate gyrus, coursing parallel to the corpus callosum, derives its name from the Latin for "belt." The superior frontal gyrus lies anterior and superior to it, and the precuneus abuts it posteriorly. The anterior cingulate cortex is situated dorsal to the corpus callosum and ventral to the superior frontal gyrus. 44 The posterior cingulate cortex lies at the medial aspect of the inferior portion of the parietal lobe. Superiorly, it is defined by the marginal ramus of the cingulate sulcus and inferiorly by the corpus callosum. Anteriorly, the posterior cingulate cortex is defined by the midcingulate region and posteriorly by the parieto-occipital sulcus. Along with the precuneus and retrosplenial cortex, it constitutes the posteromedial cortex, and with the retrosplenial cortex, it forms the retrosplenial gyrus. 45 Function. The midcingulate region contains motor function with corticospinal tract projections. 45 An fMRI study suggested 3 somatotopically organized motor zones, distinct from SMA activation, in the cingulate/paracingulate region.
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Ventral Occipitotemporal Cortex
General Anatomic Borders. The division between the temporal and occipital lobes is the lateral parietotemporal line, an imaginary boundary extending from the superolateral terminus of the parieto-occipital fissure inferiorly to the preoccipital notch. Several gyri and sulci are continuous between the temporal and occipital lobes across this line; those on the inferior (ventral) aspect of the brain, the lingual gyrus and fusiform gyrus, make up the ventral occipitotemporal cortex (VOTC).
Function. The VOTC forms the path of the ventral visual stream, which maps perceptions of the visual system to conceptual representations. 47 There is evidence for several areas of functional specialization within the extrastriate ventral stream, each responsible for identifying a particular type of stimulus. Primarily located within the right fusiform gyrus, the fusiform face area (FFA) is responsible for the identification of particular faces. [48] [49] [50] Injury to the FFA can result in prosopagnosia, the inability to recognize familiar faces with the retained ability to identify that a visual stimulus is a face. The corresponding functional unit within the left fusiform gyrus is the visual word form area, [51] [52] [53] injury to which causes pure alexia where a patient cannot read but can speak and comprehend language normally. 54 Bilateral lesions involving the VOTC can result in agnosia of other types of visual objects, with the retained ability to identify the objects using other sensory inputs. 55 The lingual gyrus is continuous rostrally with the parahippocampal gyrus and caudally with the superior visual field region of the primary visual cortex. Injuries to the lingual gyri and portions of the fusiform gyri can result in the inability to appreciate color (achromotopsia) and the inability to name colors (color anomia). 55 The lingual gyrus also may significantly link the visual system and the limbic system, mediating the formation of visual memories and the emotional attachments to images.
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CONCLUSIONS
We hope this review of the anatomy and function of the major cortical regions of the brain will foster a better understanding of cortical organization and function.
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